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ABSTRACT 
To date, 71 geothermal w e l l s  have been d r i l l e d  i n  Cerro Prieto. The 
a c t i v i t y  has been divided i n t o  seve ra l  s tages ,  and, i n  each s t age ,  a t -  
t e m p t s  have been made to  correct d e f i c i e n c i e s  t h a t  were g radua l ly  de- 
tected.’ Some of t h e s e  problems have been solved: o t h e r s ,  such as 
those  pe r t a in ing  t o  w e l l  c a s ing ,  cement, and cementing jobs, have 
pe r s i s t ed .  
The procedures for w e l l  completion-the most important aspec t  f o r  t h e  
success of a well--that were based on conventional o i l  w e l l  c r i ter ia  
have been improved t o  m e e t  the condi t ions  of t h e  geothermal r e s e r v o i r .  
Several  t echn ica l  a s p e c t s  t h a t  have improved should be f u r t h e r  o p t i -  
mized, even though t h e  r e so lu t ions  are considered t o  be reasonably 
s a t i s  f a c t o r y  . 
a t t e n t i o n  has been given t o  t h  veloplnent of a high- 
d r i l l i n g  f l u i d  capable of being used i n  d r i l l i n g  through 
lost c i r c u l a t i o n  zones. Conventional o i l  w e l l  d r i l l i n g  techniques 
have been used ,except  where hole-sloughing i s  a problem. Sul fona te  
l i g n i t i c  mud system have been used w i t h  good r e s u l t s .  When tempera- 
t u r e s  exceed 30OOC 572OF), it has  been necessary to  u s e  a n  organic  
polymer to  s tab i l ize  t h e  mud p rope r t i e s .  
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The development 'of drilling undergone dif - 
ferent modifications that can be resumed in five principal stages, 
as it is shown in table 1. This table shows the dates and specifi- 
cations of the casings-that were used to drill wells according to 
the profiles shown in Figure 1. The changes took place slowly and 
were caused by two factors, mechanical failures of casing due to 
. tensional and compressional stresses, and excessive scaling. 
One of the first modifications iws'.that: round threads were 
changed to Buttress and these with time changed to Hydril SEU. 
Weight and quality of steels were also modified. .Grades K-55, N-80 
and L-80 have been tested and actually grade C-75 is being used. 
Severe interior and exterior problems-were detected as well as 
embrittlement of casing. A conflict has emerged from the fact that 
the greater the capacity of steels to withstand stresses, the great- 
er sensibility to the hydrosulphuric acti.on, and corrosion damages 
have been more notorious through time. 
Another variation has been in the design and arrangement of 
production casings, using in some cases hanging liners and in others 
directly slotting the casing. This alternative was used from 1976 
to 1978, and we consider it most satisfactory. Since 1964 only hang 
ing liners were used, but a rapid increase in scaling with the 
chanqe in diameters, was noted at the top of the liner. A two stage 
cementing job was done to perform this type of completion. 
first stage was short, of 100 m. length, the second was definite up 
to the surface. 
trol up to 1700 m. deep. 
it was not possible to control two stage cementing jobs, as circula- 
tion losses were easily originated by the weight of the slurry, and 
it was decided to return to the method of completing a well with a 
hanging liner. Besides, thermal conditions below 2000 m. have been 
higher than in other wells, and making a proper selection of the 
producing stratum eliminated the problem of scaling. 
The 
This method proved to be safe and was under con- 
As wells were built deeper in Cerro Prieto, 
The mechanical damages caused by tensional and compressional 
stresses that in the first wells were of loo%, were reduced to the 
minimum, with a good constructive operation, cementing jobs, using 
cements modified with perlite and silica. flour, following besides 
and adequate method to heat and develop these wells. 
corrosion is the most serious problem not resolved, especially in 
the outside of casings that sometimes makes a loss of 100%. 
Up to date 
STRATIGRAPHIC COLUMN 
The stratigraphic and lithologic characteristics prevailing in 
the Cerro Prieto geothermal, field influence greatly the drilling 
and completion of wells, that in our case corresp0n.d to'sedimentary 
rocks and a water dominant reservoir. This fact makes Cerro Prieto 
different form other geothermal fields in the world .that kiave igne- 
. us rocks and vapor dominant reservoirs. 
Q1 
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In our case, formations are alluvial, plastic-sandy clays that 
consolidate with depth a by thermal metamorphism. Three principal 
bodies can be distinguished, the shallower is soft and plastic, the 
second body is more consolidated and transitional, and the lower is 
made up of alternating sandstones and shales,and it is here that hot 
water is stored. Figure 2 shows with certain detail a general strat 
igraphic column that with a little variation in thickness in each OF 
the principal bodies, nay_ be applied to all the Cerro Prieto area. 
Another important factor to be considered, is the effect of tecton- 
ism in this zone that is clearly indicated by the presence of frac- 
turing and loose sections in consolidated shale bodies, that some- 
times result of greater size than would correspond to the cut of the 
bit used. This situation caused cave-ins in some of our wells, as 
in well M-92. A certain reaction to thermal shock make this situa- 
tion worst, when hot formations are penetrated. 
DRILLING 
We will refer to those drilling aspects that have particular 
characteristics in geothermal wells. In our case, the tools have 
been common, formed by 4 1/2" $4 D.pfpe and drill collars. In some 
wells, we intended to use stabilized tools but penetration rates 
decreased and deviations were encountered, this atributed to the 
increase of viscosity in muds, by the contamination of geothermal 
fluids. Bits used were conventional of different types and brands, 
to drill alternated sandstones and shales, with hot water content, 
but they wore out and rendered slow penetration rates, calibration 
diameter loss and loose fragments frequently caused "fishing"prob- 
lems. 
ature geothermal wells, a new type of bit to withstand this factor, 
is being sought. 
In our case, it is important to indicate that Hydraulics should 
contemplate that some of the diameters in a drilling program are 
relatively higher than those used in drilling oil wellsc requiring 
only one pumping equipment to keep the mud circulating in the an- 
nular spaces at.120 ft/min. Other special equipment is the cooling 
tower to cool circulating mud and the equipment for the disposal of 
fluids. The cooling tower should be designed to decrease the temper -
ature in and out of the well, in at least 2OOC. We think that in- 
the cooling tower capacity will bring about a saving in 
additives, and problems in penetrating very hot zones, 
Drill bit failure is a major problem in drilling high temper- 
Besides these equipment, the application of some other sophis- 
ticated equipment, is fundamental, to effectively eliminate fluids. 
In our case, sand or clay eliminators were not enough and more com- 
plete systems had to be used with very good results. 
The use of p entors with rubbe seals to withstand high temper 
ature geothermal drilling, has lead to a particular design that per= 
mits the cooling of rams, making the use of this equipment safer. 
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As we already mentioned, the rest of methods and systems are 
those common to oil well drilling. 
DRILLING MUD 
After using different types of muds, actually a sulfonate lig- 
nitic mud with a bentonitic base, is being used, additives for high 
temperatures found in the hot zones drilled, are being added. The 
program shown in Table 3 worked satisfactorily for 1700 m. depths, 
but as depths grew larger and temperatures increased above 275OC., 
it was necessary to use an organic polymer when penetrating the hot- 
ter zones, to control the characteristics of mud. In the same ta- 
ble, characteristics of mud and additives recommended, are shown , 
so that during drilling the best control of mud is achieved. 
Also in Table 3, the type of equipment for fluid disposal and 
temperature control for the cooling tower, are indicated. 
The most serious problem encountered has been circulation los- 
ses, in some cases induced and in others caused by the weakening of 
the penetrated zones and the presence of possible faults and frac- 
tures. These problems have been solved by using simple materials 
for circulation losses, nevertheless, the use of calcium chloride 
and sodium silicate, when pumped during drilling, have proved to be 
satisfactory up to date in the case of severe losses, the best so- 
lution , has been the use of cement plugs that after an 8 or 12 
hour setting, are perforated to continue drilling. 
CEMENTS AND CEMENTING 
The cements used in Cerro Prieto, have been type H or G, A.P.I. 
modified, with 40% silica flour and perlite or activated nozzolan. 
The mount of perlite or pozzolan has been modified however, in the 
present a sack or a sack and a half is mixed to a sack of cement. 
We recall that the objectives of . cementing are to seal or cement 
the first 200 or 300 m. above thereservoir, and from there, to the 
surface, pack and support the casing, but at the same time, to per- 
mit an axial expansion of the same. A greater proportion of silica 
flour and perlite, reduces the cement bond to the casing, this is 
desirable to permit the elimination of circulation mud or water 
pockets, that could have been caught, besides the axial expansion. 
from the bottom to the surface. Table 4 .  When drilling 2000 m. or 
over, hydraulic charges are almost impossible to control, without 
originating a circulation loss that could cause invasion cif the 
producing zones, or at least defficiencies in cementing jobs, that 
in some cases is the total lack of cement. Mechanical failures of 
the accessories used to cement in two or more stages, are associated 
to this aspect. 
function properly. Together, they create one of the most difficult 
Cementing in geothermal wells, is planned to cement all casings 
Up to date, these elements have not been able to 
gd 
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and inconvenient aspects in modern drilling. Lighter cements are 
being tested to reduce the problem we have mentioned, and also, 
improved cementing Collar6 are being sought, to tolerate geothermal 
conditions and function adequately. Table 4 .  6.i 
OTHER PROBLEMS 
Some other problems in Cerro Prieto are, water packing due to 
a defficient hydraulic system, stuck-ins caused by differential 
'pressure of the neighboring zone, and discrepancies in the columns 
due to thermal effects, cave-ins closely related to aspects of 
Tectonism because of faults and fractures detected in this zone, 
and when hot lutitic bodies are penetrated a certain thermal shock 
makes the problem more severe. The best solution when this cave- 
ins are excessive, is to rapidly recement and clean the cement. 
Finally, "fishing" is also a very serious problem when it oc- 
curs in the hot zones, since the equipment frequently used in this 
type of operation is damaged by high temperatures, being impossible 
to make the operation, if the "fish" is not cooled efficiently. 
This is an example of the improvement that is needed in the equip- 
ment and tools. Only 10% of this type of jobs have been successful. 
MEXICALI VALLEY 
The Mexicali valley is located in the North part of the state 
of Baja California, forming part of the Colorado River Delta, which 
is constituted by the Mexicali, Imperial and Yuma Valleys, the lat- 
ter in the U.S. Figure2., and the Cerro Prieto Geothermal Field is 
located 30 km. Southeast of Mexicali, Baja California, Figure 3, in 
this place the Cerro Prieto volcano is found. 
BUILT WELLS 
To date, 83 wells have been drilled, of exploratory and produc- 
ing type, for a total of more than 155,000 linear meters. The great 
part of these wells, is found in Block I, Figure 4 .  The field has 
been divided into three blocks which are indicated in this same 
figure characterized by the depth of the producing layers. The 
first block is located West of the Railroad tracks, where the first 
group of wells was drilled, to feed Turbines 1, 2, 3 ,  and 4 .  This 
area called Cerro Prieto I, is made up by wells of two reservoir 
depths, the first at 1300 m., and the second in the South, close 
to 2000 m. In block I1 the reservoir is found at 2700 to 3000 m., 
in Cerro Prieto I11 from 2300 to 2700 m. Undoubtedly, Cerro Prieto 
I1 block has the higher hydrothermal content reservoir, since the 
evaluation of wells built in this area reports up to 300 tonn/hr. of 
steam and 200 t/hr. of separated water. The first wells drilled in 
1964, in the first stage of Cerro Prieto I, made only 60 tonn/hr. of 
steam. In the area of Cerro Prieto 111, some wells have produced 
200 tonn/hr.of steam, and the program contemplates drilling in this 
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area, and some other wells in the area of Cerro Prieto I, as it is 
shown in Figure 5. Of the different wells built in the stages men- 
tioned, we will now comment the characterisfzcs of some of them, 
emphasizing the thermal influence and the problems encountered dur- 
ing drilling. 
aspects related to the construction characteristics of geothermal 
wells and their design, circulation losses, difficulties to obtain 
electric logs with conventional tools, and thermal logs which are 
fundamental in this type of wells to detect the producing zones. 
The application of cements and the difficulties during the cement- 
ing operation, the elements that properly correlated will permit the 
solution of the zones with higher thermal energy to be defined, and 
finally the previous stage, which requires a series of events to 
carry the well to production to evaluate its energetic capacity. 
Table 5. 
aspects mentioned above. 
with igneous rocks, vapor dominant, different to those found in 
Cerro Prieto, and this makes us think that geologic conditions, 
geochemical content, type of fluids, etc., make the search of a 
technology more complex, to build this particular type of well. 
The completion aspects of Cerro Prieto Geothermal wells, are pres- 
We have considered very interesting to make a summary of certain 
In a great measure, the thermal factor is the cause of all the 
It is evident that wells exist in areas 
ented in a separate companion paper. 1 
WELL M-8 
This well was M t  in the months of June and July, 1966, in the 
North part of Cerro Prieto I, close to the boundary of the South 
part. Figure 6. The design was very simple, using a conductor, a 
surface casing, and intermediate 11 3/4" pI casing, Buttress threads, 
to a depth of more or less 1000 m., and a suspended liner that 
reached 1300 m. 
the 11 3/4" j3 casing, through a threaded well head, This situation 
favored the unfastening of the tree and loss of control in this well. 
Figure 6 shows the casing profile used in this well, also the three 
principal lithologic bodies are shown, as well as correlated tem- 
peratures of each of them, and the penetration plot when drilling 
this well. It is important to note that through a series of plots 
of this well and others, the problems of drilling hotter zones, 
greatly increase drilling times and costs. 
In this particular case, the tree was anchored in 
l"Geotherma1 Well Completion in Cerro Prieto" 
B. Dominguez & Juan M. Cobo, C-F-E. 
International Conference 
Geothermal Drilling Completion Technology 
Albuquerque, New Mexico 
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In this case, the 20" j8 as well as 15" g drillings were normal, 
,. 
since formations and temperatures were also normal, nevertheless, 
logs installing and cementing the casing, absorbed 16% of total 
drilling time. The drilling of the 15" hole for the 11 3/4" j8 
casing reported 37% of the time used, covering almost 1000 meters, 
but drilling the last 200 m. of the producing zone, with a 10 5/8" Pr 
hole!, took 21% of the total time, and logging and the installation 
of the liner absorbed 9%. The drilling of this well took 30 days, 
of which a great percentage was used in penetrating the hot shales 
with temperatures between 180Oand 218OC. 
This well was completed with a 7 5/8" g liner, and from the 
results of the analysis of its mineralogic contents and cements, 
we can think that the hot reservoir was partially penetrated. 
ling of the last 200 m. was slower than the other stages, since it 
took 21% of the total time. We had no difficulties in installing 
the liner and running log. 
After the completion of this well and during the evaluation 
stage, a loss of control occured when the Christmas treeunfastened 
with the anchoring well head from the 11 3/4" j8 casing. The well 
head was threaded and the geothermal fluid vibrations caused this 
accident. To date, in Cerro Prieto, well heads are welded. 
Dril- 
WELL M-21A 
This well was built in 1974, Figure 7, a 7 5/8" g production 
casing was designed from the bottom to the surface, a depth of 
1300 m, was reached, and it is located in the Block Cerro Prieto I. 
In this well, the transition zone in the lithologic column was very 
short, predominating the zone with a temperature of 21OoC., a little 
less than the one encountered in well M-8. Drilling was slower 
than in the previous well mentioned, totally 55 days. Logs, instal- 
lation of casing and cementing jobs, inside the intermediate and 
production casing, were normal, and the time used was adequate. 
Eventhough, this well has proved to be a good producer, and we 
observe that the correlation between the effect of metamorphism 
of the transitfon- zone the colder zones, in the reservoir tempe- 
rature, will render high or low energetic results in the future. 
WELL M-150 
In 1978, 90 days were used to drill this well reaching a depth 
of more than 2100 m. Figure 8 . ,  it is located in the Area of Cerro 
Prieto 111. The depth of this well caused excessive circulation 
losses, and the design included an intermediate 9 5/8" g casing up 
to the top of the reservoir, where it was necessary to plug with 
slurry to guarantee the installation and cementing of the casing. 
The lithologic column in this case, represented a powerful tran- 
sitional zone and a partial penetration of the reservoir, maximum 
temperature reached was 190°C., and the temperature of the ------ 
reservoir up to 28OOC. 
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Drilling of the first part up to the end of the transition zone 
was reasonable and without problems, with a normal penetration rate, 
2- as well as the installation of the 13 3/8" pI casing which reachec' 
1000 m., however, drilling and the problems encountered from the en? 
o f  the transition zone to penetrate the reservoir, absorbed more t h a  
50% of the total drilling time used in this well. Drilling of the 
last 200 m. to penetrate the reservoir, with an 8 1/2" Jl bit, was 
normal, as well as the operation to hang the liner. This well is 
cited as an example, because the high temperatures encountered 
greatly increased the drilling time. 
WELL M-169 
This well was built in 1979, requiring 90 days for its construc- 
tion, reaching a depth of 2300 m. Figure 9. In this case, the orig- 
inal design intended to reach more or less 2000 m. with an inter- 
mediate casing, hang a liner and penetrate the hot zones, consider- 
ing cave-ins and circulation losses. 
The lithologic column of this well, shows a powerful transition 
zone with temperatures up to 160°C., and the reservoir with a max- 
imum temperature of 245°C. Drilling and installation of surface 
casing was normal and satisfactory, up to the boundary between the 
transition zone and the zone of the reservoir, since in this area 
and before installing the 9 5/8" Jl casing, excessive cave-ins oc- 
curred and circulation losses, and 25 days were needed to re- 
establish the zone and install the casing, which made up 31% of 
the total drilling time of this well. Finally, the casing could 
be installed up to 1600 m. only, it was cemented and continued 
drilling up to 2400 m., with an 8 1/2" g bit, where cave-ins and 
circulation losses were again encountered, with an increase in the 
drilling time, that at this stage made up 20% of the total time. 
It was necessary to seal off the stratum, and to cement the 7" g 
liner that was suspended from the production casing, a long opera- 
tion that absorbed almost 18% of the time. This well is also an 
example of the fact that penetrating hot deep zones and problems 
encountered, exaggerate drilling time, but as in the previous well, 
the production results of this well have been very satisfactory. 
WELL M-120 
This well was built in 1979, and is located in the area of 
Cerro Prieto 111, with a total depth of 2100 m. Figure 10, the 
lithologic colum of this well presents an important transition zone 
with a temperature of 15OoC., and the reservoir with a maximum 
temperature of 274°C. Drilling to install the 9 5/8" g as well as 
the cementing operations. It was intended to Iewe this casing at 
the start of the reservoir which penetrated with an 8 1/2" g bit, 
from 1600 a 2100 m. This stage of drilling required more time than 
normal, the characteristics of the temperature found in the res- 
ervoir made penetration slow. Finally, a 7" @ liner was suspended 
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and cemented to seal the less useful and less important part, which 
was contaminated with calcium, and left open to production the last 
200 m. This was a normal operation. Here, an excessive drilling 
time was required to penetrate the hot zone of the reservoir, mak- 
ing up 19% of the total drilling time for this well, which was 70 
days. In general terms, the construction of this wellws normal. 
Here, we have presented some contraing examples to emphasize 
the problems encountered when drilling the transition zone, and 
above all, the reservoir. Two possible alternatives to solve these 
problems, would be, to penetrate partially the reservoir for Its 
exploitation, and the other is to completely cross it to select the 
most favorable zone for exploitation. This last alternative offers 
the risk of circulation losses, cave-ins and difficulties during 
cementing operations, with a consequent increase in drilling time 
and costs, and possible constructive defficiencies, that in the 
future could cause cement degradation or corrosion damages in the 
casings. It is evident that more problems are associated with 
higher temperatures found in the reservoirs. 
WELL COMPLETIONS 
The completion stage in which all the jobs and operations that 
help to penetrate the reservoir and achieve the exploitation of the 
same, is based in the results of the analysis of temperature logs, 
electric logs, lithologic conditions, cements and mineral content. 
These parameters serve as guides to judge the penetration when 
drilling the reservoir before suspending it, to consider reaching 
the objective to obtain a satisfactory energetic recuperation. 
CONCLUSIONS AND RECOMMENDATIONS 
Undoubtedly, there exist particular problems in drilling geo- 
thermal wells, and several of these have been experienced in the 
geothermal field of Cerro Prieto. Some solutions that we consider 
reasonably operating, have been tried, however, further work is 
necessary to improve these solutions and find others to be ap- 
plied adequately. Table 6. 
The mud program followed in the present, should be optimized 
to reduce its costs, improving the capacity of the cooling tower, 
and to decrease the percentage of chemical additives required in 
the different events of drilling. Drill bit failure is a major 
problem, especially when they are used to penetrate the reservoir, 
and other types should be applied that would render an economic 
advantage increase penekation rates. No damages have been noted 
in the string, out of the ordinary in this type of job. Cement- 
ing operations have not always been controllable and probably, a 
solution would be to use light cements, that would tolerate degra- 
dation through time, since the improvement of cementing collars is 
apparently more difficult. 
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Studies have been carried out to treat cave-ins with chemical 
reactives, but specialists suggest that the problem is mechanical, 
not chemical. 
and the effect of thermal shocks accelerates them. 
expensive solution is rapidly recementing and cleaning this cement. 
One of the most difficult problems to be controlled is when "fish- 
ing" has to be done in the reservoir. 
be improved to make this operation successful, up to date results 
have been poor. 
an aspect to which solutions are not perfectly planned. Sections 
of casing lacked cement, and in this case the application of fine 
sand by gravity has been used to fill the annular spaces, since it 
was very difficult if not impossible to determine the top of the 
cement when using shots. 
squeeze cementing, and besides when the casing is perforated, this 
part weakens when the well is flowing, and it could permit the 
escape- of geothermal fluid or the invasion of other fluids that 
could damage seriously the well. 
has given reasonable good results. 
A grinding of lutitic bodies favors this cave-ins 
A slow and 
Systems and tools should 
Total loss of circulation, during the cementing operations, is 
It has been possible only once to use 
The application of sand by gravity 
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TABLE 
STRATIGRAPHIC SECT ION 
IF THE CERRO PRIETO GEOTHER AL FE‘D 
LITHOLOGICAL OESCRlPTlOhi 
ANDESITE, CLAYS, FINE TO 
COARSE SAND QUARTZ, Sl- 
LICA, FELOESPAR AND 
SCARCE GRAVEL DIABASE 
II -””-””-- l_l_ 
CLAYSTONE SAND, SANDSTONE 
BROWN COLORED SHALE, INTER. 
CALATED WITH SANDSTONE. 
GRAY TO BLACK SWALE, AL- 
TERNATIVE WITH SANDSTONE! 
LIGHT GREYISH. 
GRANITE BIOTITE. 
i 980 
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DRILLING MUD i 
T I PICAL MUD PROPERTIES SOLIDS AND TEMPERATURE 
EQ U I PMEN T CONTROL 
LJ 
DEPTH 
INTERVAL 
i WEIGHT (Lb/GAL) 9.0 
FUNNEL VlSCOClTY (SEC/LT) 40 
TYPE 
1 DUAL TANDEM TYPE, 
SOLID SEPARATOR WITH, 
DOUBLE MESH. 0.0 TO T.D. 
PLASTIC VlSCOClTY (Cps.) 15 
YIELD POINT (Lb/100 FT2) 5 
6 
GELS ( Luioo FT* 1 o'a IO' 0-4 2 SWECO SAND SEPARA- 
TORS WITH 8 HYDRO- 
CYCLON s FILTRATE ( ml 30min) 
1 COOLING TOWER TO 
0.0 TO T.D. 
I CAKE THICKNESS (mm) I 
F! H. 9 
SOLIDS ( %  by VOL. 12 
OIL ( %  by VOL. 1 6 
WATER ( %  by VOL. 1 a2 
HANDLE 2650 L/m.n. T ~ 4 0  O C  
t 
SAND ( %  by VOL. 1 2 MAX. 
I DRILLING FLUID MATERIALS LOST CIRCULATtON MATERIALS 
I 
BENTONITE GRANULAR 
I BARIUM SULPHATE FIBROUS 
I FLAKES 
I 
I 
~ SODIUM HYDROXIDE CEMENT 
I 
I 
i 
I 
I U H LI G N OSULFO N AT SODIUM SILICATE 8 
I CAUSTCIZED LIGNITE C ALC I U M C H LOR I DE I 
i 
I 
1 SODIUM CARBONATE 
ADDITIVE CONTAINING A LOW 
MOLECULAR WEIGHT SYNTHETIC 
*p @ 
Y c 6.C.Q. 
I 
I ORGANIC POLYELECTROLYTE. 
EXP.-6-XII-OO 
TABLE 3 
2-13 ! 
PROBLEMS FREQUENTLY ENCOUNTERED 
DURING THE CEMENTING OF CASING 
1.- PARTIAL OR TOTAL CIRCULATION LOSSES 
2.- MECHANICAL FAILURES ON CEMENT COLLARS 
3.- FAILURES ON CEMENT BASKETS 
E F F E C T S  
1. - CEMENT CHANNELING 
2.- TOTAL ABSENCE OF CEMENT 
3.- INEFFECTIVE SQUEEZE CEMENTING JOBS 
ACTUAL SOLUT I O  N S 
1. - THE USE OF LIGHT CEMENTS ON HIGH PER- 
MEABILITY ZONES AND, OR CEMENTING I N  
TWO STAGES. 
2.- NEW TYPES OF CEMENT COLLARS AND CE- 
MENT B-ASKETS. 
~ TABLE 4 
2-14 
GEOTHERMAL WELLS 
PARTICULAR ASPECTS 
[ a  1 TEMPERATURE 
b )  CORROSION 
1.- CONSTRUCTIVE PROJECT c )  MASS VOLUME 
d )  SPECiAL THREADS ( CSG.) 
2.- LOST CIRCULATION 
3.- ELECTRIC LOGS 
4.- THERMAL LOGS 
5.- MODIFIED CEMENTS 
6.- CEMENTS 
HIGH PERMEABILITY PRIMARY 81 
SECONDARY. 
b) HYDROTHERMAL WASH 
c)  LITHOLOGIC CONTACT ZONES 
SPECIAL EQUIPMENT FOR HIGH { TEMPERATURE. 
{ KUSTER, AMERAOA EQUIPMENT 
.( PERLITE, ACTIVATED POZZOLAN, SILICA 
{ ALL CASINGS,SPECIAL ACCESSORIES 
I., SEDIMENTARY 
ROCK 
2--'GNEoUS *OCK { 
a) LITHOLOGICAL COLUMN 
b) MINERALOGICAL ANALYSIS 
c) MUD TEMPERATURE IN CIR- 
' CULATION 
i e) ELECTRIC LOGS 
a) STIMULATION 
b) HEATING 1 d) EVALUATION 
d~ KUSTER' LOGS (TEMP.) 
' Z, COMPLETION 
RUSSELL JAMES 
SEPARATOR 
SILENCER 
INITIAL 
PRODUCTION c) DEVELOPMENT 
TABLE- 5 
2-15 
CONCLUSIONS ANR RECOMMENDATIONS 
WE CONSIDER- THAT RESOLUTIONS AND METHODS FOLLOWED 
TO SOLVE PROBLEMS ENCOUNTERED AT CERRO PRIETO, 
HAVE BEEN REASONABLY SATISFACTORY, BUT UNDOUBTEDLY 
THEY SHOULD BE IMPROVED,AND ABOVE A L L  THE ASPECT 
OF CEMENTS AND THE CEMENTING EQUIPMENT. "FISHING" 
I S  A LESS FREQUENT AND MOST DIFFICULT PROBLEM 
ESPECIALLY WHEN I T  OCCURS IN THE HOT ZONES OF 
THE RESERVOIR. 
DRILLING,MUDS, AND ABOVE ALL THE TIME EMPLOYED 
I N  THE HOT DEEP ZONES, SHOULD BE IMPROVED TO 
REDUCE THE COST O F  A W E L L .  
A VERY IMPORTANT ASPECT I S  TO FIND B I T S  CAPABLE 
OF SUPPORTING HIGH TEMPERATURE GEOTHERMAL 
D R I L L I N G  ,I I N  HIGHLY ABRASIVE SANDSTONE Z O N E S  
WITH HIGH TEMPERATURES AND GEOTHERMAL FLUID 
CONTENT. U P  TO DATE R E S U L T S  HAVE B E E N  POOR, 
B I T S  LOSE MUCH O F  THEIR STRENGTH WHEN THEY 
ARE OPERATED AT HIGH1 TEMPERATURES,AND THEY 
FREQUENTLY CAUSE FISHING PROBLEMS 'AND SLOW 
PENETRATION RATES. 
TABLE 6 
2.-16 
TUBULAR PROTOTYPE DIAGRAMS 
\--- 16' 0 
-.7 ya"0 
I400 m 
1964- 4 WELLS 7 966 m 
I_ ? mU0 
I 3a )Om 
1966-1968 15 WELLS 20825m 
1972- 1974 14 WELLS 18 8381~ 
7 W0" b 
1600 Om - - - 
1977 -1978 18 WELLS 35 400 rn. 
- -20000m 
-7"  0 
- - 2 X X ) O m  
1978- 1980 26 WELLS 62 450m. 
Ld F I G .  I 
-- 20" 0 
7" 0 . -"I-- 
- -  I_ - - 2 6 0 0 O m  
2-17 
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S C A L E  
0 500 1000 2 000 
M E T E R S  
FIG. 4 
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